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Abstract: This pape r mainly investig ates the key data processing pro cedures invo lv ed in genera ting Digita l
Elev ation Model ( DEM ) thr ough Synth etic Aper ture Rada r Inter ferometr y ( InSAR) , and evaluates the pre-
cision of deriv ed DEM . Fir st, the basic principles and key radar data pro cessing techniques o f InSAR a re
summarized as a nota tion system o f subsequent experim enta l r esults. Second, the interfe rom etric pr ocessing
and analyses ar e ca rried out fo r the test a rea o f Yuen Long in Hong Kong using one couple o f ERS-1 /2 tan-
dem SAR images acquired on March 18, 1996, and on Ma rch 19, 1996, respectiv ely. Finally , a po r tion of
the interfe rom etrically deriv ed DEM is selec ted and compa red with the independent refer ence DEM . The eval-
ua tion on precision is made along with ana ly sis o f its po tential limita tion facto rs.
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?　?: 重点考察使用星载 InS AR技术建立 DEM的关键数据处理过程和精度情况。 首先介
绍 InSAR的基本原理和所涉及的关键干涉雷达数据处理技术 ,然后对欧空局的 2颗卫星
ERS-1 /2以串接飞行方式分别于 1996年 3月 18日和 19日对香港地区成像所获取的 2幅
SAR复数影像作了干涉处理和分析 ,并生成了 DEM ,最后以外部 DEM作参考标准 ,对干涉
DEM的精度作了评价 ,并分析了其潜在的制约因素。
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1　引　言
????? ??? ( Synthetic Aper ture
Radar Interferometry ,?? InSAR)?????
??????????? ,????? SAR??
????????????? [1 ]。 1951? , Ca rl
Wiley????????? ( Doppler shi f t )??
????????????????? ,???
????????????? (???????
? )??? [ 1] ,?? ,???? SAR??????
????。 SAR?????????? ( 1～
1 000 GHz??????? )???、?????
????????? ,???????? ,???
????????????? [ 1, 2] ,?????
??????????????????。 SAR
??????????????? ,?????
????????????????? (??
? ) ,??????? (???????????
?? )??????? ,??????? ,??
SAR???????????? [3 ]。?????
? ,???????????????????
????? ,? InSAR???????????
?????。 InS AR????????????
??????? ( Digital Elev ation M odel, ??
DEM )?? [2～ 5 ] ,?????????????
???????????????? [6～ 9 ]。?? ,
In SAR?????????????????
?????????。??????? InSAR?
? DEM??? ,??????????。
?? SAR??????????? , InSAR
??? 3?????????????????
????????。??? ,?????????
??? ,???????????????? ,?
???? ,????????????????
??????????? ,?????????
??。 1986? ,?? JPL? Zebker??????
???? NASA CV990?? InSAR?? (??
C?? )??????????? SAR????
DEM????? [2 ] ,?? ,?????????
?? InSAR??????????。?????
???????? SAR???? (? ERS-1 /2,
JERS-1, RADARSAT? )??? [10 ] , SAR??
???? ,???? InSAR????????。
????? ,??????????????? ,
???? SAR??????????????
????????? ,???????????
????、????????????????
?? ,??????????????????
??????? [11 ]。 ?? ,?????? ,??
DEM??????????????????
??????? [3, 5, 6 ]。
????????? DEM???????
?????? ,???????? DEM???。
??? ,???? ERS-1? ERS-2??????
????? ( Tandem )???? ,? 2?????
????????????? 1 d,??????
?????????????? ,??????
??????? ,? DEM?????? ,???
????????????????? Tandem
?????? DEM ,????? DEM??? ,
????????????????????。
2　 InSAR的基本原理和关键数据处
理技术
2. 1　????
?? InSAR??????????? ,??
???????????? ,????????
??? [2, 3, 6, 7 ] ,??????????????
???? ,????????。? 1?????
In SAR??????????? , 2? SAR??
??????????? , 2????????
???????????????????? ,
???? B?????? ,?????????
?????? a(???????????? )?
????。????? SAR???????? ,
???????? 2? SAR?? ,??????
????????? 2???? ,??????
??????? In SAR??。 ??????? ,
?????? SAR????????????
???? ( Single Looking Complex ,?? SLC)?
? ,????????? a+ bi?? ,?????
?????? ,?????????????
( Ai P )?????????。?? 2?? (???
?? ,???? 1???????? ) ,????
? P ,?? A1P? A2P??? 2???????
???Oa?? ,????δR????? ,???
????
δR= R1- R2= Oa λ
2πP ( 1)
?? ,λ????? ; R1 , R2??? 2?????
??????????? ,?? P= 1。? B R1
? ,????????? B??? R1????
???? (??????? ) ,?
δR≈B? = B sin (θ+ a) ( 2)
?? ,θ??????。
?? 1???? ,?????θ、?????
?? B ,a??????????
sin (θ+ a )= R21+ B2 - R222R1B ( 3)
??????θ???? ,?????????
?????
h= H- R1 co sθ ( 4)
?? , H??????????????。
??? ( 1)、? ( 2)?? ( 4) ,???????
337? 4?　　　　　　　　　　　????: ?? In SAR?? DEM?????
????????????????
LhLO= λ2πPR1sinθB? ( 5)
?? , B? = B co s (θ+ a )??? B??????
R1???????? (???????????
? ) ,?? ,???????????????
λR1 sinθ/( 2PB? )???? ,?????????
( ambigui ty height ) ,? InSAR???????
???。?? ,????? ,?????????
?????????? ,??????????
????????。
? 1　 InSAR???????
Fig . 1　 Obse rva tion geometry o f
InSAR sy stem
? 2　?????Oa、?????Ou???
???Oo???
Fig . 2　 Rela tion among abso lute pha se dif-
fer enceOa , unw rapped phase differ-
enceOu and obse rv ed phase differ-
enceOo
?????? ,??????????? ,?
????????????????? ( 2??
????? )??????????? ,????
??? 1??????? ,?????????
???? ,? ( 1)～ ? ( 5)????????? ,?
? P= 2,??????????? InSAR??。
?????? ,????????????
??? (?? ( 1) ) ,????????????
? ,??? ERS-1 /2 InSAR?? ,??????
?????± 10°,?????????????
???? ,?????????????? ,??
?? ( 2)～ ? ( 4)????????????。 ?
? InSAR?? DEM??????????? 3
?? ,?? ,????????????????
? InSAR?????????。
? 3　?? InSAR?? DEM???
Fig. 3　 Procedures of g ene rating DEM th rough
InSAR
2. 2　???????????
SAR?????????? [1 ] ,?????
????? (???? ,????? )?????
??????????????? ,?? (???
? ,????? )???????????。??
? A1 , A2??? SLC??????、??? (?
? 1?? ) ,???????? ,???????
??????????????? [2 ]。 ????
??、???????????? c1 ( i )? c2 ( i )?
? ,???? ( interferog ram )????????
?????
G=∑N
i
c1 ( i )c
*
2 ( i ) ( 6)
?? ,* ?????? ; N?????????
? ;?? G???????? 2???????
??? Oo ( 0≤O0≤ 2π) ,?? ,????????
?????????????。
???????????????????
?? ,???????????? [3, 6 ] ,????
??
V= |〈c1c*2〉|
(〈c1c*1〉〈c2c*2〉 ) 1 /2 ( 7)
?? ,〈〉????????。??? ,?????
????????? 3???:①??????
? ;②? 2???????????? (????
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??????????、??????? )???
??? (?????? ) ;③?????????
??? (?????? )? [6 ]。????? ,???
???????????????? ,????
???????????????。 ?????
?????????????? ,??????
????????????????? (? ( 5) ) ,
???????????。
????????? ,?????????
?? ( phase unw rapping ) [ 12]?????????
????????????????????
? ,? 2?????? InSAR????????
? Oo、????Ou (= 2πku )??????Oa??
??? ,??
Oa= Oo+ 2πku+ 2πka ( 8)
?? , 2πka??????? ,????????
????????? [9 ]。
?? ,???????? ,????? 2?:
①?????????? [12 ] ;②???????
??????。???????:???????
???? ,??????????????? ,?
?????????????????? ,??
?????????? [12 ] ( residue) ,?????
????????????????? ,???
?????????????????????
?????????“???” ( branch-cut )。 ?
?????????: ???????????
????????????????????
? ,???????????????????
???????。 ?????????????
????? (?? 4( c) )????????? ,?
??????????。
2. 3　??????
? 2. 1????????? ,??????
?????????????????????
???? ,???? ,???????????
? [3, 9 ] ,????????????????。 ?
? ,? SAR????????????????
?? ,??????????????????
??????????? [9 ]。 ????????
In SAR?? ,???????????????
????? ,?? 1?? ,??????????
?? B????? x????? y??? Bx , By
??????????? ,?
Bx ( t )= Bx0+ kx t
By ( t )= By0+ ky t
( 9)
?? , t???????? (??? SLC????
?? ) ; Bx0? By0??? 2????????? ;
kx ? ky?? 2?????????????。?
?????? InSAR?? ,?????????
????????????????????
(????????? )???????????
??????????? [9 ] ,????????
?????????????。
???????? ,??????????
????????? (???????????
???????? )?? SAR????????
?? ,??????????????????
??。 ???????????????? 2?
???????:①????????????
? SAR?????????? 3??????
???? ;②??????? 6???????
????????????????? ,???
? 3????????????????。??
?????????? ,??????????
?????????????????????
?????? ,?????? 2???????
????????? 2????? ,?????
??????。?????????? ,????
???? ,????????????????
??????。
3　干涉 DEM建立的试验
3. 1　???? SAR??
????? InS AR?? DEM?????
????????????? ,???????
ERS-1? ERS-2?????????? 1996?
3? 18?? 19???????????? 2?
SAR??????? ,??? /? ( o rbi t /f rame )
?????: E1 /24440 /3159? E2 /4767 /3159,
?????? 2? SAR??????????
?? SLC?? ,??????????????
?????? 7. 9 m? 4. 0 m,???????
? 100 km× 100 km ,????????????
??? ,???????。 ?????? ,???
??????????? 4. 2 s? 5?????
?????? SAR????????????。
?????????????? ,??????
339? 4?　　　　　　　　　　　????: ?? In SAR?? DEM?????
? InSAR???? ,????????????
?? , ERS-1 /2???????????? SAR
????????????????????
? ,???????????????。????
?????? 1 d,?????????????
????????? (?????? )??? ,?
??????????????? ,?? ,???
?????????????????????
?????????。
3. 2　?????????
? 4?????????????? ,
? 4( a)、? 4( b)?? 4( c)?????????
?? 4(a )、? 4( e)???????。? 4(a )??
???????? SAR?? ,?????
12. 1 km× 16. 8 km??? ,????????
???? 99. 1 m ,???? 106. 7 m /?。???
???????????????? ,??? ( 6)
??????? ,? 4( c)??????????
??????? ,?????????????
????????????? ,???????
?? (??? 0°→ 360°????? )??????
???????。???? ,????? InSAR
?????????????????、???
??????????? ,?????????
?????? ,??????????????
?? ,? 4( b)?????? ( 7)???????
????? ,???????? 0～ 1?? ,??
?????????????????????
???????? ,?????? 0(?? )??
?????????? ,?????? 1(?? )
??????????? ,?????? ,???
??????? ,????? DEM????。?
???????????? ,????????
???????? (? 4( b)?????? ) ,??
??? 0. 65? 0. 95?? ;??????? 0. 30
～ 0. 40?? ;? 4( b)????????????
???? ,?????? 0? 0. 06?? ,?
? 4( c)????????????????。
???????????????????
(?? ( 8) ) ,???????????????
? ,???????????????????
?????????????????????
????? ,??????????? ,????
???????? ,????????????
? [3, 9, 12 ] ,?????? ,??????????
????。 ????????????????
? (?? ( 1)?? ( 8) ) ,???????????
????? (?? 4( a )??“ ”??? )???
?????????????????。 ???
????? ,????? 2. 3????????
??????????????????。??
?? DEM????????????????
????????????? (?? ( 1)～ ? ( 4) )
?????。?? ,????????? 5???
???? 10??????????? DEM。
3. 3　????????
????? DEM??? ,??????
DEM?????? ,??? DEM?????
DEM????? , 2? DEM?????? 20 m
× 20 m,?? ,??????????????
HK80??? 1∶ 10 000??????????
DEM ,??????? HKPD。???????
? DEM?????? ,??????????
???? 4(a ) , 4( b)? 4( c)?????????
?????? (? 3. 5 km× 3. 5 km ,?????
?? ) ,????????? 400 m????? ,
????????????????? ,???
?????? 0. 35。? 4( d)? 4( e)?????
????????? DEM??? DEM? 3D
??。 ? 2? DEM??? ,??????:??
DEM????? DEM??????+ 5. 5 m,
?????????± 12 m。?? ,?? DEM?
????????? ,??????:①????
???????? ,?????????? 1 d,
????????? ,??????????? ,
???????? ,????????????
(??????? ) ,???? DEM?????
?? ;②???????????????? ,?
??????????????? ;③????
??????? (?????????????
??????? )?????????????
???????????? ,???? DEM?
??? ,????????①??。
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4　结　论
?????????????????? ,
In SAR??? DEM????????????
????? ,???????????????
?????????、????????、???
?、??????、????????? ,?? ,?
??????????? 2??????: ①?
??????? ;②????????????。
???????? ( 12. 1 km× 16. 8 km )? ERS-
341? 4?　　　　　　　　　　　????: ?? In SAR?? DEM?????
1 /2 SAR????????????????
DEM ,???????? 3. 5 km× 3. 5 km??
??????? DEM???????????
?? DEM??? ,?????+ 5. 5 m ,???
??????± 12 m。??????? DEM?
?????????: ①?????????? ,
???? InSAR????????? ;②???
?????????? ,??????????
? ,????????????????? ,??
ERS-1 /2 SAR???? ,? 200～ 300 m?? [3 ];
③?????????????? ;④????
??????????? ,????? InSAR?
?????????。
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